A  1)7  3  5  519 


CL\  •'  )  fi! A  CP  HUNTS 


TI.CMMICAI.  K TROUT 


Princi  inves'..ir  O'.or  : 


Co;:  tv.".  cU>r ; 


Kf fee  live  D'tn: 
K>.,ri  r-V.icn  Pate 


V'ui!  Aagaard 
(/VO)  543-797 1 

The  Board  of  Regents  of  {he 
Up  *vort.J  fy  of  Washington 
j.c  ,  Uo.'jkhi m\Lon  9G1D5 

i  June  J  071 
31  Knv  1972 


Contract  Amount  (*:;  nodi  f i cd) :  $109,300 

Contract  N00G  3 4-67 -A-01 03-0023,  Project  MR  307-342 


Sponsored  by: 


Advanced  Research  Proicc.tr  Agency 
ARP A  Order  Mo.  1733 


Scientific  Officer  Hi  rector,  Arctic  Programs 

Knr Lb  Sciences  Division 
Office  of  Naval  Research 
Dc  par  taant  of  the  Mavy 
£O0  North  Q.t:  nev  Street 
Arlington,  Virginia  22217 

Report  Rate:  30  December  1971 


-"it” 

% 


i 


The  views  and  conclusion?  contained  in  this  docu¬ 
ment  arc  these  of  the  autners  ani  should  not  oe 
interpreted  a.j  necessarily  representing  the  official 
policies,  ei tiicr  expressed  or  implied,  of  the 
Advanced  Research  Projects  Agency  or  the  U.  S. 
Government . 


NATIONAlTfCHNICil 
INFORMATION  SERVICE 

Spring!, oio  Vj  3215) 


\ 


-  <  —  --vrVr  A  T  i  •  N  l  ^ 

v2«0i‘'°lihhr- — r 


Vic  reirni'c; 


— — - for  public  re 

1  Apr-w^  fo/i  Cnu«l^ 


BEST 

AVAILABLE  COPY 


Technical  Report  Suvnc.i  y 


Jni  rod  Action 

The  Greenland  So  a  holds  n  position  of  nnirpui  inportmco  end  interest: 
anon};  ail  the  Arctic  seas,  i'horc  nr*.  to  essentially  different  reasons 
for  this. 


One,  the  northern  portion  conttiLo.es  the  jr.'ijoi  connection  of  the 
Arctic  liasin  with  the  rest  of  the  world  ocean,  both  in  terms  of  depth  and 
cross-sectional  area,  ar;J  in  terms  of  the  actual  Ho**  of  water  (cf.  Coachman 
and  Angaard ,  in  press),  iio  satisfactory  neat  and  nans  budrcLs  for  the 
Arctic  can  be  constructed  without  a  enn  adorable  ii  >  rove  rent  in  our  know¬ 
ledge  of  the  heat  and  mass  transports  through  the  Greenland  i’ea.  There  ir. 
evidence  that  the:  present  bu loots  may  have  underestimated  the  actual  Iran  - 
ports  through  the  Grccnland-Spit  si  -.error.  pat  no  ye  by  one-naif  order  of  maeiu- 
tude. ,  and  that  the  internal  transports  in  the  Greenland  S^a  have  been 
underestimated  by  a  full  order  (Ang.vro  and  Coachman,  1968a).  It  is  cer¬ 
tainly  clear  that  the  dominant  oarotvop:  city  of  the  area  r.nkes  it  impossible 
to  substitute  dynamic  calculations  based  on  tenoerature  and  salinity  tneasnre- 
rients  for  direct  current  observations  (/agaard  and  Coachman,  1 968b) . 

IV o ,  the  Greenland  9cc  (and  the  .hovveginn  Sea,  together  with  which  it 
forms  an  intricately  combined  system)  is  a  large,  deep,  partially  ice- 
c  ova  red  sea;  it  is  one  of  tha  northern  hemisphere  'i;  primary  heat  cxcuanrcrs 
(cf,  e.j.,  Hatcher,  1965).  and  as  such  of  vital  importance  in  the  total 
global  energy  budget;  it  routinely  permits  navigation  farther  north  than 
anywhere  else  in  tnc  world;  it  is  the  principal  northern  source  of  deep 
water  lor  the  world  ocean;  it  exhibits  a  circulation  of  the  same  order  of 
magnitude  as  the  Gulf  Stream  system.  In  all  these  rays  it  is  an  area  of 
great  importance  and  interest  in  its  own  light. 


Tha  present  problem 


Tho  single  most  important  line  of  investigation  to  further  our 
environmental  understanding  of  the  area  m.wn  be  direct  current  measurements. 
It  scces  clear  chat  the  lorJ.saJ  fi-tsu  .  ;r:  o»  concentration  should  bo  tor 
Greenland-Snitsbcr^e.o  passage,  through  which  the  exchange  with  the  Arctic 
Ocean  occurs.  Eventually  the  c or re  i  measurements  must  extend  throu  hour 
the  year,  for  both  our  flow  observation:;  in  the  East.  Greenland  Current 
(Aagaard,  1968)  and  our  wind  stress  calculations  (Aagaard,  1970)  imply 
substantial  seasonal  dif i crenecs  i;:  the  circulation,  however,  the  practical 
obstacles  are  formidable,  for  during  winter  (1)  the  or*  a  is  largely  ice- 
covered;  (2)  there  is  total  dai kr.e.ss  far  about  four  maths:  (5)  bad  weather 
and  severe  icing  conditions  are  common,  emthornorc,  logistics  and  navi¬ 
gation  are  always  problematic  j.n  this  unit  cf  the  -orlu. 
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Methods 


In  view  of  the  above  it  was  decided  to  deniov  1200 red  current  me l  e rs , 
anchored  for  one  vor.r  bone  ith  the  reach  of  the  drifting  ice.  The  surceus- 
ful  d-nO oyment  and  retrieval  of  such  instruments  would  not  onlj  avoid  the 
p  rot)  Jens  of  winter  field  o;>.*rarions ,  bet  would  also  represent  n  qttr*nLti».i 
jump  advance  botn  scientifically  ar.d  tcchnoio  ically.  That  is,  it  would 
provide  the  urgently  needed  oceanographic  data,  and  it  would  also  be  the 
first  ruccessi.il!  year- lone,  current  rater  deployment  anywhere  in  the  world. 

A  total  of  nix  current  meters  vert?  moored  in  the  Grcenl and-npi.tsbc.rgcn 
passage  An  Sep  to  >er  1971.  The  inoorir.g  positions  are  shown  in  hip,.  1; 
a  chronological,  exposit  ion  of  the  project  is  given  in  Appendix  A.  The 
meters  record  the  current  speed  and  direction  on  magnetic  tape.  They  are 
designed  to  be.  recovered  by  acoustic  activation  of  the.  explosive  release 
mechanism  which  freer,  the  noeriitg  from  its  anchor.  The  subsurface,  float 
then  rises  to  the  surface,  and  the  equipment  is  tab.cn  aboard  the  recovery 
vessel.  The  details  of  the  moor  imps  are  shown  schematically  in  Fig.  2, 
and  described  in  Appendix  iJ. 

In  addition  n  total  of  27  hydrographic  and  chemistry  stations  were 
taken  to  elucidate  the  circulation  and  its  relation  to  the  internal  oceano¬ 
graphic  pressure  field.  Station  locations  are  shown  in  Fig.  1. 


Technical  Results 

Ue  feel  the  problems  of  flooring  design  and  assenblv  to  have  been 
solved  satis factori I-1  ,  and  that  tha  deployed  systems  represent  good  and 
practical  Arctic  deep-sea  current  rater  arrays.  The  actual  handling  of 
the  equipment  at  sea  and  its  successful  deployment  is  to  large  degree  a 
natter  of  good  seamanship;  the  latter  is  a  prime  requirement  in  Arctic 
operations  of  this  sort. 

Two  essential  technical  requirements  stand  out.  One  is  the  need 
for  very  accurate  navigation  in  order  to  position  the  buoys  during  deploy¬ 
ment;  in  the  Greenland  Sea  this  will  in  practice  mean  satellite  navigation. 
The  other  requirement  is  high-quality  directional  sonar  to  precisely  locate 
the  buoys  during  recovery. 


Department  of  Defense  implications 


Recovery  of  the  current  meters  with  their  data  would  permit  a  sub¬ 
stantial  increase  in  our  environmental  understanding  of  the  strategically 
and  tactically  important  Greenland  Sea.  Such  understanding  would  seem 
particularly  essential  to  problems  of  submarine  operations. 


There  in  in  addition  a  host  of  Department  of  Defense  sponsored  research 
in  the  Arctic  with  climatological  aspects.  An  improved  knowledge  of  the 
heat  and  miss  exchange  through  the  Grocnlnnd-Spitsbergcn  passage  bears 
directly  on  these  aspects. 


rinaiJy,  we  believe  that  a  rudest  .'-edition  has  i-ecn  rv.ru  to  th<  fund 
of  Arctic  buoy  technology  .  id  operational  ixpov fence. 


Irpliaatior.3  for  further  rcceai-rfi 


Clearly,  our  first  urdci  of  business  rr>t  be  to  crr.ur*'  recovery  of 
the  ?;i):  current  meters  already  dep.l  eyed .  To  this  end  vc  liavc  rcrrjstod 
from  the  I'arJna  he soar eh  Institute  in  l'.eykj  evi’* ,  Iceland  tire  ni  und  the 
Bjai't'i  r,a.  ur.doson.  This  i  t;  tn?  1. incest  end  neves  t  of  the  Icelandic 
research  vessels,  a  stern  trawler  tit  timed  (or  oceanographic  and  fisheries 
research  and  equipped  ’.’i'll  a  largo  srr_y  of  sophisticated  ?;onrr. 
now  had  a  very  fever  due  reply  to  our  re  quo  L,  to  the  effect  that  the  ship 
v.’ill  be  available  in  the  GiecnJ  and  Sea  for  joint  Icel.andic-U.S.  i. 

Lions  during  five  weeks  in  Auvust-Septcv  her  1 1  7  2 .  We  should  note 
arrangor.cn t  is  extraordinary,  both  in  the  unprecedented  length  of 
available  to  physical  oco. allograph  ,  and  in  permitting  t  uc.  vessel  * 
far  northward  oi  any  area  thus  ini  ronsick-vt  !  within  i  he  scope  of  Icelandic 
investigations.  It  is  essential  that  we.  t  he  advantage  of  this  opportunity, 
both  to  recover  the  current  natters  deployed  last  year,  and  to  fully  utilize 
this  exceptional  ship  in  furthering  our  investigations  in  the  Greenland  Sea. 


••e  nave 
t:h 

vest I  pa¬ 
th  at  this 
l  i  :..e 

o  operate 


Hie  primary  objective  of  our  prop  mu  nur.t  continue  to  be  direct 
current  measurements.  We  therefore  propose  to  carry  out  this  coring  sum  er 
extensive  measurements  using  drogues.  There  are  three  reasons  for  this 
decision.  One,  before  cc tv. fitting  funds  to  further  moored  arrays  of  cur¬ 
rent  meters  in  the  Greenland  Sea  it  behaves  us  to  evaluate  cur  first  moor¬ 
ing  attempts;  this,  of  course,  carnal  be  done  until  after  next  sur.a^r. 

Two,  the  use  of  drogue?;  is  a  highly  reliable  lorn  of  current  measurement, 
so  tlmt  our  results  arc  in  a  sense  guaranteed.  Three,  wc  have  had  three 
years  of  experience  in  the  deep  western  Bering  Sea  developing  the  technique’s 
Involved,  end  ve  feel  that  wc  have  achieved  a  fairly  high  degree  of  competency. 
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A  Cki'ono lopi ca l  t'.ri  "jr.islvn  of  ih.  th-cfocl 


On  .10  Ju  vc  wore  inferred  by  the  P.S,  Const  Guard  tin:  they  could 
not  ac  cc>  oclato  out  pci  sonr.r]  .  <.  equip,  nt  on  board  the  ,  cm  bad 

been  planned.  A  sul  n.qncnt  c  baunivo  ten  indicated  that  no  snip  of 
opportunity  vas  av.ti labl<  ,  net  thes  in  i  urunc  noi  tbe  United  Stats;  ,  The 
most  favorable  charter  an\  i,  c  cm  aval  l;*J»Je  proved  to  be  the  Icelandic 
Coast  Guard  ve  ssel  Ai'Vakuv,  a  lighthouse  te  nder  ci  3jU  \  ross  i  e\\i  st  ored 
tons,  The  r  bar  lor  vts  tor  a  r.initu;:;  period  of  one  i  or:  t  ii  at  020,000.  An 
acceleration  to  tl;e  contract  of  $1 1,000  vv.s  approved  by  tie.  Office  of 
Kaval  Research,  and  all  financial  and  logistic  arrnngr.enls  were  completed 
prior  to  the  charto  commencement.  date  of  2 9  August. 

Tbe  design,  purchase,  construction,  and  assembly  of  all  i  nut  run  cuts 
and  r/.oor  J  ngs  had  been  co  pic  ted  by  early  July,  'ibe  moorings  ucre  assembled 
at  tbe  Woods  Hole  Gee  a  no, crap  hie  1  nt  t  i  tut. ion  ,  for  reasons  of  time  and  con- 
vcnienct.  The  equip: cut  was  then  shipped  to  beykjavik,  Iceland  and  in¬ 
stalled  on  board  the  Ai'Vakiu*. 

The  ship  left  Reykjavik  the*  morning  of  30  August  and  proceeded  to 
the  mooring  deployment  area  in  Luo  Gre  onlaml-Spi  tsbc  rgen  passage.  V.’e 
should  note  t.t.at  the  first  week  in  August  a  serious  complication  had 
arisen:  the  Aroohui1  proved  to  have  no  echo  sounder  usable  in  deep  water, 
whereas  a  precise  knowledge  of  the  water  depth  is  required  for  mooring 
deployment.  A  lease  vis  then  arranged  for  a  precision  deoLh  recorder 
from  Ocean  Sonico  in  California  and  the  equipment  air  freighted  to  Iceland. 
The  instrument  proved  to  he  faulty,  and  a  total  of  six  days  ship  time  was 
lost  effecting  repairs  at  sea  under  primitive  conditions.  The  kind  ser¬ 
vices  of  the  station  leader  at  Isfjord  Radio,  Spitsbergen  proved  indis¬ 
pensable.  The  three  moorings  wore  finally  deployed  on  8  and  1.0  September, 
tbe  echo  sounder  difficulties  ■•living  forced  relocation  of  one  of  the 
moorings  from  2000m  to  JQOOr.i  death.  bach  mooring  carried  two  current 
meters,  and  their  deployment  ins  nr  fellows:  mooring  s/1,  at  78  33'N, 

2  21'E,  in  2403m  depth.,  with  current  meters  at  121m  and  13o3m;  mooring 
112 ,  at  7h°35,h',  80o'h,  in  99 2n  depth,  with  curient  meters  at  1 A 6m  and 
942m;  mooring  #3,  at  78,;37'N,  8°3.4'F.,  in  982n  depth,  with  current  meters 
at  132m  and  332m.  The  deployment  was  successful  in  every  respect,  and 
the  acoustic  release  near  the  hot ton:  ot  each  mooring  replied  upon  com¬ 
mand  after  emplacement,  indicating  they  were  upright  and  functioning. 

The.  ship  then  proceeded  northeast,  into  light  winter  ice,  and  at 
81  N,  10  E  began  a  series  of  eight  detailed  chemistry  stations  north  cf 
Spitsbergen,  in  depths  up  to  2  001  tor..  These  stations  veto  designed  to 
elucidate  the  entry  and  mixing  in  the  Polar  basin  of  water  from  the 
West  Spitsbergen  Current.  Arxt,  eight  hydrographic  stations  were  taken 
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.'’round  the  r.  cored  buoys,  for  the  pur  pout  of  doterr.i  nine  the  interna) 
mass  fielr  and  ft  y.<  alien  to  the  r.  asured  currents.  Finally,  a  series 
of  1).  i'.ydropra;  .iic  stations  drug  the  (Ireemdch  r.evi tiian  from  79'  to  72  F, 


and  bciv-een  Jan  M  you  and  lerJ.nu  were  oc eepiea. 


ilia  ship  arrived  back 


in  Reykjavik  during  the  aiieu.oan  of  27  St pt enbe-r . 
offloaded  and  trucked  to  Kcfiav.ik  the  sere  cu.v  for 


and  all  equipment  vat 
shipment  to  tiic  United 


States . 


Aitony  the  difficulties  occurring  during  the  cruise  v-cre  poor 
navigation  conditions  (much  of  the  tine  \,c.  had  only  one  Loren  line  and 
n  tail  rail,  lo  )  and  nrir.iii.ive  hydrographic  equipment .  Ko  problems 
proved  beyond  solution. 

Reduction  of  the  hydrographic  data  is  proceeding  apace  and.  should 
be  completed  in  early  1972. 
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Append  j  >.  L 


Uacaviption  of  ’/.cot  U.ns 


A  typical  mooring,  rv  depicted  r.cl  er -vocally 
uc  f ol lows .  At  top,  m:'i/  c*rprd  cure  brio;:  t} 

float,  4  ft  in  v  c  tor ,  and  wit:  a  net  buoyancy  t 
was  supplied  by  (>  b.  of  IV.  1  >uth,  .‘Vasachusc- its.  Oi 
provi  tit'll  ,Jitit  a  bis. ot  cote:  finish  for  con  us  j  on  re*  i 


in  U; ip.  2,  is  made  up 
•.  surface,  is  a  steel 
f  about  lb 00  3b.  It 
special  order  it  war; 
planer;  purposes. 


pins, 


Using  3/4"  galvanised  safety  anchor  shack 3 c:;  with 
a  second  float  is  connected  ir-< djntely  below  the 


stainless  steel 
first. 


Shackles  of  the  same  type  connect  the  second  float  to  the  top  of 
the  mooring  line,  which  has  been  eye  spliced  and  fitted  with  a  galvanized 
thii.blc.  ilia  ’mooring  line  is  9/16"  ’plaited  Dacron  of  8000  lb.  nominal 
rated  breaking  strength,  it  was  supplit  d  by  Cali;,  bin  Rope.  Co.  of  Auburn, 
New  York.  Sai  l  3  os  of  the  production  order  were  test  ed  by  us  on  a  tensile 
strength  t.vjchitv ,  so  that  v;c  wight  accurately  predict  the  stretching 
under  load  and  thus  place  the  floats  at  a  predicted,  depth. 

The.  first  mooring  line  terminates  in  a  336  stainless  steel  thimble 
fitted  i.u  an  eye*  splice,  Unfortunately ,  Ike  rone  supplied  by  the  manu¬ 
facturer  was  oversize.  and  since  the  thimbles  had  already  been  purchased 
and  time  did  not  permit  reordering,  a  short  piece  of  9/16"plaitcd  Dacron 
fitted  with  the  thimble,  had  to  bo  short  spliced  to  tin*  rain  mooring  line. 
Considerable  care  was  taken  in  ail  splicing, 


Fitted  into  the  thimble  is  a  316  stainless  steel  double-eved  plate 
specially  machined  to  ccincct  the  current  m.  ter  to  the  mooring  rope.  The 
current  meter  itself  senses  speed  with  a  rotor  magnetically  coupled  through 
the  pressure  care  to  the  gear  train.  Direction  is  sensed  by  magnetic 
orientation  of  the  meter,  which  is  equipped  with  a  large  vrnc  and  is  free 
to  swivel.  The  meter  also  carries  a  temperature  sensor.  All  data  are. 
logged  in  binary  form  on  magnetic  tape.  The  meter  is  supplied  by  Ivan 
Aanderaa  in  Bergen,  Norway,  Ue  had  changed  the  clock  cans  and  gear  trains 
on  four  of  the  meters  to  set  the  sampling  late  at  once  per  hour,  tints  en¬ 
abling  us  to  measure  for  an  entire  year.  On  two  of  the  six  meters,  how¬ 
ever,  we  used  a  sampling  rate  of  once  per  ter.  minutes.  This  should  enable 
us  to  better  estimate  the  effects  of  sparse  finite  sampling  in  what  is  no 
doubt  a  flow  regime  with  fairly  high  accelerations. 

The  current  meter  is  battery-powered,  as  is  the  acoustic  release, 
and  ve  took  considerable  care  to  minimise  the  possibility  c f  battery  fail¬ 
ure,  The  battery  purchase  van  made  inn  fresh  stock  just  before  departing 
for  Iceland,  and  the  batteries  were  all  refrigerated  and  hand  carried,  be¬ 
fore  deployment  they  were  tested  under  load. 
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The  botroa  of  the  current 


t.  o  r 


joined  to  the  v.cv.v  p lor.ii  of  t.oovUi 


line  o.ncti>  as  if.  done  on  [lie  Lop,  find  she  second  cm  rent  meter  i;;  ::  j  i  In¬ 
ly  fitted  into  Loo  ltfriin.  At  tl.e  1  oun.i:  o t  tie  thiici  mooring  line,  be  lav 
the*  second  current  rotor,  the  acnor. .  .  relc-n sc  in  connected  by  9/16"  stain¬ 
less  steel  safety  .had  It  and  pin  to  t  u  stainless  steel  t:hir.iblc-f  J.tl«..d  eye 
splice  in  Lhu  mooring  line.  The  acnv.sr i c  release  is  designed  to  reply  upon 
command  from  Lee.  ship,  ’’or  locating  put  pores;.  A  .second  command  petnits 
firing  of  t.he  squ  ib-ac  Li  voted  release  mechanism;  after  release.  the  instru¬ 
ment  cr.it s  acoustic  signals  continuously  Lo  aid  in  recovery,  li  is  also 
equipped  will.  a  til  t-rensing  device  and  acoustic  relay  to  cc-.torr..inc  its 
vertical  orientation  3i:u.  Tl.e  cr ..  .anus  utilise  a  five-level  coding 
system  to  prevent  actuation  by  ambient  noise,  and  each  release  employs 
different  frequencies.  The  i nstrer.jnt  is  manufactured  l<y  AMP  in  Alexandria 
Virginia . 

The  release  r.echanisn  is  connected  to  the  anchor  rope  through  a  316 
stainless  steel  ring  fitted  through  a  stainless  steel  thimble  in  the  eve- 
spliced  anchor  rope.  Tic  latter  is  a  20i..  length  of  7/6"  braided  nylon 
with  a  nominal  rated  hr*,  nking  strength  close  to  20,000  lbs.  The  lover 
end  of  tlie  anchor  rop»  is  again  cvt.  spliced,  fitted  with  a  galvanized 
thimble,  and  connected  to  the  anchor  bridle  with  a  3/4"  galvanized  safety 
anchor  shackle  (stainless  steel  pan). 


The  .anchor  is  of  the  Stir, son  tvne  and  cast  in  two  pieces,  totaling 
3000  lbs.  The  piece 


shackled  on  lot  extra  safety.  The  anchor  bridle  is  of  b/o’  galvanized 


are  joined  by  heavy  voided  straps,  with  chain 

3/d  ’ 

proof  coil  chain,  and  3/4"  galvanized.  safety  anciior  shackles  with  stain¬ 
less  steel  pins  are  used  throughout.  The  anchors  were  cast  at  haterhury 
foundry,  Waterbury,  Connecticut , 


The  moorings  were  deployed  from  the  oner,  fcntail.  The  floats  were 
laur  d-.cd  first,  while  the  ship  maintained  steerage  way.  This  both  enabled 
the  ship  to  steer  along  «a  depth  contour  to  maintain  the  predetermined 
launching  depth,  and  it  also  kept  the  mooring  line  taught  as  it  was;  being 
paid  out.  This  is  absolutely  essential.  The  moorings  had  been  assembled 
beforehand,  with  all  splices  cone,  thimbles  fitted,  etc.;  the  completed 
mooring  line  hart  then  been  wound  on  large  giilnet  reels  fitted,  on  a  frame 
equipped  with  dual  hy irnuii rally  controlled  trailer  disc  brakes.  The 
frame  was  welded  to  tue  ship's  deck,  and  wo  thus  had  very  positive  con¬ 
trol  of  the  mooring  line  ns  it  was  paid,  out  behind  the  ship.  Mien  the 
appropriate  amount  of  line  had  been  raid  out,  the  line  was  stopped  off 
by  &  device,  designed  to  hold  Lhc  thimble-fitted  eye  splice  without 
damage  to  the  icpc.  The  current  r.etcr  was  joined  to  the  mooring  line, 
and  the  moor in r  if  g  paid  out  again.  This  procedure  was  repeated  until 
the  entire  r o.  line  with  instruments  was  laid  out  abaft  the  ship. 

The  anchor  was  pushed  over  the  tide  and  the  whole  array  allowed 

to  free-fall.  nstant  check  war.  made  on  depth  and  position  during 

the  deployment.  After  the  mooring  was  in  position  it  was  acoustically 
interrogated. 
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FIGURE  2.  SCHEMATIC  PICTURE  OF  A  TYPICAL  MOGRHS 
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